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Abstract 
The temperature dependence of the electrical resistivity ρ of Ni2Mn1-xCrxGa (x=0.05~0.25) was 
measured. Two anomalies corresponding to the magnetic and structural phase transitions at TC and TM 
were observed on the ρ-T curves for each sample, respectively. The kinks corresponding to the 
premartensitic transition at Tp were observed for all samples except x=0.25. On the basis of the 
experimental results, the T vs. x phase diagram of Ni2Mn1-xCrxGa was determined. 
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1 Introduction 
Much attention has been paid to the ferromagnetic shape memory alloys (FSMAs) due to their 
potential application as actuators, sensors and magnetocaloric materials. Heusler alloy Ni2MnGa is a 
well-known FSMA with the Curie temperature (TC) of 376 K and the martensitic transition 
temperature (TM) of 202 K (Webster et al. 1984). The TC and TM of Ni2MnGa alloys change drastically 
by doping of a fourth element of Mn by Fe, Co, Ni and Cu (Kikuchi et al. 2004, Khan et al. 2005, 
Khovailo et al. 2005, Kataoka et al. 2010). For example, the replacement of Mn by Co, Ni and Cu 
increases TM, while TM of Ni2Mn1-xFexGa decreases with increasing the concentration x. Some authors 
showed that the number of the valence electrons per atom (e/a) is closely related to TM of the Ni-Mn 
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based FSMAs: a large e/a indicates a higher TM (Chernenko et al. 1999, Jin et al. 2002, Nakamura et 
al. 2001). However, a larger e/a corresponds to lower TM for Ni2Mn1-xFexGa as mentioned above. For 
Ni2Mn1-xCrxGa, e/a of these alloys decreases with the concentration x. Therefore it is interesting to 
know whether the relationship between TM vs. e/a works for Ni2Mn1-xCrxGa or not. As far as we know, 
there is no data on the structural and magnetic properties of Ni2Mn1-xCrxGa. 
On the other hand, Kim et al. measured the electrical resistivity for Ni2MnGa by using the single 
crystal (Kim et al. 2006). They have confirmed that TC and TM obtained from the resistivity 
measurement are good in agreement with them estimated from the magnetic and thermal 
measurements. Namely the electrical resistivity measurements provide a simple and effective tool to 
detect both structural and magnetic transition.  
In this paper, the electrical resistivity measurements of Ni2Mn1-xCrxGa are experimentally 
examined in order to gain deeper insight into the martensitic and magnetic transition of these materials. 
2 Experimental 
 The polycrystalline Ni2Mn1-xCrxGa (x=0.05~0.25) alloys were prepared by the repeated arc 
melting of the appropriate quantities of constituent elements, namely, 99.9% Ni, 99.99% Mn, 99.99% 
Cr and 99.9999% Ga in an argon atmosphere. The reaction products were sealed in the evacuated 
silica tubes, heated at 800ºC for 3 days and at 500ºC for 2 days, and then quenched into water. As the 
weight loss before and after the melting of all samples was small, the compositions of the samples 
were taken to be their nominal value. The crystal structure was investigated by X-ray diffraction 
measurements at room temperature using Cu-Kα radiation. The measurements of electrical resistivity 
were performed by a conventional DC four-probe method in the temperature range from 80 to 450 K. 
The samples were cut out using a diamond disk saw into the size of about 1.0 x 1.0 x 10 mm3. 
3 Results and discussion 
The X-ray diffraction measurements were carried out using powder samples of Ni2Mn1-xCrxGa. 
 
Figure  1: Lattice constant a vs. Cr concentration x curve for Ni2Mn1-xCrxGa (x=0.05~0.25) at room 
temperature.   
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All diffraction lines were indexed with a cubic structure. The superlattice lines such as (111) and (200) 
are clearly seen, which shows that the samples have L21-type Heusler structure with a sufficient 
atomic degree of order, where Cr atoms occupy the Mn sites. As shown in Fig. 1, the lattice constant a 
linearly decreases with increasing x. It may be attributed to the difference in the ionic radii of the Mn 
and Cr atoms. 
Figure 2 (a) and (b) show the temperature dependence of the electrical resistivity for 
Ni2Mn0.95Cr0.05Ga (x=0.05) and Ni2Mn0.75Cr0.25Ga (x=0.25), respectively. The red and blue dots show 
the heating and cooling processes, respectively. All of the samples show a metallic behavior. Similar ρ 
vs. T curves were observed for the FSMAs Ni2+xMn1-xGa (Vasil’ev et al. 1999, Khovailo et al. 2001). 
As seen in the Fig. 2(a), the resistivity ρ exhibits a pronounced jump-like behavior at about 200 K. 
This anomaly of ρ vs. T curves corresponds to the martensitic transition. The martensitic transition 
starting and finishing temperatures TMs and TMf, and the reverse martensitic transition starting and 
finishing temperatures TAs and TAf were defined as the cross points of the linear extrapolation lines of 
the ρ vs. T curves from both higher and lower temperature ranges in the figure. Characteristic 
temperatures of the martensitic transition for the sample with x=0.05 were estimated to be TMs = 201 K, 
TMf = 195 K, TAs = 204 K and TAf = 209 K. Similarly, TMs, TMf, TAs and TAf of the sample with x=0.25 
are 218 K, 213 K, 217 K and 225 K as shown in the Fig. 2(b), respectively. On the other hand, at TC 
only change in the slope of the ρ vs. T curves takes place as shown in the Fig. 2(a) and (b). The 
steeping of slopes on the ρ vs. T curves in the ferromagnetic phase can be attributed to the 
disappearance of electron scattering on magnetic fluctuations (Kasuya 1956). The TC was also defined 
as the point of intersection of linear extrapolation from the high and low temperature ranges of the ρ 
vs. T curves. The resistivity clearly demonstrates an anomaly at the premartensitic transition 
temperature Tp for the sample with x=0.05 as shown in Fig. 2(a). It should be noted that the sample 
with x=0.25 does not show the premartensitic transition.  
The experimental T vs. x phase diagram of Ni2Mn1-xCrxGa (x≤0.25), which was constructed from 
the measurements of the temperature dependence of the resistivity, is shown in Fig. 3. The Curie 
temperature of Ni2Mn1-xCrxGa (x≤0.25) decreases linearly with increasing x. On the other hand, TM 
slightly increases with increasing x, where TM was defined to be TM = (TMs + TAf)/2. As shown in Fig. 
3, Tp decreases linearly with x. 
 
Figure  2: Temperature dependence of the electrical resistivity for (a) Ni2Mn0.95Cr0.05Ga (x=0.05) and (b) 
Ni2Mn0.75Cr0.25Ga (x=0.25).  
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Some authors showed that TM of the ternary Ni-Mn-Ga FSMAs strongly depends on e/a as 
mentioned above. The TM increases significantly and linearly with e/a. Some authors have also 
revealed that the empirical linear relationship between TM and e/a holds even for the quaternary 
FSMAs such as Ni2Mn1-xCoxGa (Nakamura et al. 2001). Here it is assumed that the numbers of 
valence electrons per atom of Ni, Mn and Ga atoms are 10 (3d8 4s2), 7 (3d5 4s2) and 3 (4s2 4p1), 
respectively. If it is assumed that Cr atoms have the valence electrons of 6, then TM of Ni2Mn1-xCrxGa 
(x=0~0.25) may be expected to decrease with x, in accordance with the empirical relationship between 
TM and e/a. However, the experimental results in this study show that TM of Ni2Mn1-xCrxGa increases 
with x. A similar behavior was observed for Ni2Mn1-xFexGa (Kikuchi et al. 2004). Instead of e/a, some 
authors have indicated that the values of TM are very sensitive to the size factor or the shear modulus 
(Chen et al. 2011, Li et al. 2011). An investigation of the predictor of the composition-dependent TM 
will be necessary to achieve desired properties for different applications. The premartensitic transition 
of Ni2MnGa is of first-order type and originates from the magnetoelastic coupling between the 
magnetization and anomalous TA2 phonon (Planes et al. 1997). It is not clear why the sample with 
x=0.25 shows the premartensitic transition. The Curie temperature linearly decreases with x as shown 
in Fig. 3. This may be attributed to the small magnetic moment of Cr atoms compared to that of Mn 
atoms. 
 
4 Summary 
Electrical resistivity measurements were carried out on the Heusler alloys Ni2Mn1-xCrxGa 
(x=0.05~0.25). On the basis of the experimental results, the T vs. x phase diagram of Ni2Mn1-xCrxGa 
(x≤0.25) was determined. The TC linearly decreases with increasing x. This may be attributed to the 
small magnetic moment of Cr atoms compared to that of Mn atoms. The TM linearly increases with 
increasing x. This is not accordant with the empirical relationship between TM and e/a, which holds for 
most FSMAs with Heusler-type structure. On the other hand, Tp decreases with increasing x. 
 
 
 
Figure  3: T vs. x phase diagram of Ni2Mn1-xCrxGa (x≤0.25).  
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